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J2 (57) Abstract: An automated circuit board assembly system with at least one moveable circuit board receiver that is equipped with 
an empty circuit board or hybrid circuit which is transported towards an uptake location at which components are assembled to the 

^ board, and with an uptake mechanism positioned at the uptake location which detects the circuit board position in preparation for 

^ the assembly process. An alignment device positions the circuit board recover in a predetermined directional position at the uptake 

^ location. The invention further concerns corresponding processes. 
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Automated circuit board assembly positioning system 

The invention concerns a circuit board assembly system 
with at least one moveable circuit board receiver which, 
equipped with a circuit board, is transported to an uptake 
5 location at which con5>onents can be assembled to the board, 
and with an uptake mechanism which detects the circuit board 
position in preparation for the assembly of components to the 
circuit board. 

10 Prior art 

Circuit board assembly systems of this type are well 
known to the skilled person. During the assembly of circuit 
boards, as well as during the manufacture of hybrids, they 
seirve the purpose of assembling electronic components to 

15 circuit boards that are transported on circuit board 

receivers. A non-asserribled circuit board is transported on a 
circuit board receiver to an uptake location where the 
circuit board position for the assembly process is detected 
with the aid of an uptake mechanism. When the board to be 

20 assembled arrives at the uptake location, the uptake 
mechanism raises the board. Assembly of the components 
generally takes place with the board raised. On completion of 
the assembly process, the board is lowered and proceeds on 
its way, allowing a subsequent board to reach the uptake 

25 location. The means by which components are assembled to the 
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board are well known to the skilled person and will therefore 
not be described further. The detection of the position of 
the circuit board is effected by the uptake mechanism 
detecting alignment marks which are provided on the circuit 

5 board. Detection may for example be facilitated with the aid 
of a camera which monitors a search window. Positional 
deviations of the circuit boards at the uptake location can 
be detected with the aid of known circuit board assembly 
systems, which will for example recognise deviations caused 

10 by different alignment positions, manufacturing tolerances 
and/or component tolerances, for which allowance can then be 
made prior to the assembly process with the aid of software. 
However, one disadvantage consists of the fact that known 
circuit board assembly systems lack the necessary accuracy 

15 required for the detection of the position of the circuit 
boards, especially during the fitting of components with very 
little tolerance (especially for very small coiti)onents that 
are, for example, utilised during the manufacture of hybrids 
or for radio frequency circuits) which cannot be carried out 

20 satisfactorily or only with a very siibstantial effort. 

An object of this invention is therefore the task of 
providing a circuit board assembly system that will allow a 
more accurate positioning of circuit boards prior to the 
fitting thereto of coitqponents in a simple way, i.e. that will 
25 offer a higher repetitive accuracy together with an automatic 
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recognition of alignment marks that are present on workpiece 
carriers that transport workpieces, and especially of circuit 
board carriers that transport circuit boards. It further 
includes the provision of a corresponding suitable process. 

5 

Advantages of the invention 

The invention seeks to solve this object by providing an 
alignment device that aligns the circuit board receiver at 
the uptake location into a predetermined directional 

10 position. The said alignment device will make it possible to 
align the circuit board receiver at the uptake location in a 
predetermined directional position, before the position of 
the circuit board transported by the circuit board receiver 
is detected with the aid of the uptake mechanism. The circuit 

15 board receivers that arrive one after the other at the 
assembly process position are placed in position by the 
alignment device with a very high repetitive accuracy, so 
that the circuit boards that are held by the circuit board 
receivers can be placed into their respective positions at 

20 the uptake location with the said high repetitive accuracy. 
Thanks to the almost negligible position differences of the 
positioned circuit boards at the uptake location, the uptake 
mechanism within the uptake area can be reduced in size and 
can therefore be operated with a higher resolution imager 

25 covering a smaller field of view than hitherto, resulting in 
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a higher recognition accuracy, which will in turn lead to a 
higher accuracy during the recognition of the alignment marks 
on the circuit boards and the circuit board positions and 
will further enable a faster and more exact position 

5 detection. The coirponent assembly process based on this 
position uptake can therefore also be carried out very 
accurately, free from errors and in a simple way. According 
to the invention the means by which circuit board receivers 
are transported to the uptake location may be iinplemented in 

10 any suitable manner such as, for example, a conveyor belt, on 
which the circuit board receivers are placed in orderly rows. 
The alignment device according to this invention will 
preferably consist of a mechanical alignment device such as 
an inclined lead-in member euxd/or of an electromagnetic 

15 alignment device, i.e. it will utilise mechanical and/or 
electromagnetic forces in order to cause the circuit board 
receivers that serve as workpiece carriers to attain a 
predetermined directional position. 

According to a further embodiment of the invention the 
20 alignment device includes at least one fixed side stop which 
is co-ordinated with the circuit board receiver during or 
following the relevant inclined lead-in member movement. The 
side stop is therefore positioned - seen in the inclined 
lead-in member direction - at the side of the transport path 
25 of the circuit board receivers and serves as a fixed 
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mechanical side stop for the circuit board receivers. When 
the already mentioned conveyor belt for example is used as 
the transport medium (endless moving belt) the side stop can 
be fixedly positioned on the machine frame at one of the 

5 longitudinal sides of the belt. 

According to a further embodiment of the' invention, the 
alignment device will include at least one positioning 
element that will move the circuit board against the side 
stop. The positioning element can be of a passive form, i.e. 

10 it may be fixedly positioned and not be driven itself, or it 
can consist of an active positioning element that will 
position the circuit board receivers transversely in relation 
to the inclined lead-in member axis with the aid of an 
actuator. This actuator can for example be operated 

15 hydraulically, pneumatically or electromagnetically . In every 
case however the positioning element will ensure the 
predetermined directional positioning of the circuit board 
receiver in an x direction of a co-ordinate system that lies 
transverse of the inclined lead-in member y direction, in 

20 particular at an angle of 90° (Cartesian co-ordinate system) . 

As long as the positioning element is formed from, or 
incorporates, at least one inclined lead-in member that acts 
in a direction transverse to the inclined lead-in member 
axis, movement of the circuit board receiver along the 
25 inclined lead-in member will cause it to be aligned, i.e. it 
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will move in the y direction, and will simultaneously be 
transported onto the positioning element and will be 
positioned by the said inclined lead-in member transverse to 
the inclined lead-in member axis and is thereby biassed 
5 against the side stop, so that it can then be caused to 
attain a predetermined directional position in the x 
direction. 

The supply movement of the circuit board receiver will 
preferably be ended by a stop device, i.e. the circuit board 

10 receiver will come to rest at the uptake location, so that 
the alignment mark recognition of the transported circuit 
board can be optimally carried out there. If the alignment 
mark recognition is utilised for the determination of 
position, the stop device will release the circuit board 

15 receiver once again in the y direction, so that an onward 
transport of the same can or will commence. 

The inclined lead-in member mentioned above can be 
realised in many different ways. During this realisation it 
is not important that a plane, preferably a vertical plane, 

20 exists orthogonal to the direction of supply movement; multi- 
part forms and also non-planar forms such as for example 
curved forms etc. are also possible. The decisive factor is 
merely that the effect of a inclined lead-in member can be 
achieved, i.e. that the circuit board receiver can be biassed 

25 against the side stop. 
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It is preferable for the inclined lead-in member to be 
elastically defoimable. This can for example be achieved by 
using a spring, in particular a leaf spring. Such a spring 
will ensure a close fitment of the relevant circuit board 

5 receiver against the side stop at the uptake location. If the 
said elastic def ormability does exist, the distance between 
the inclined lead-in member and the side stop may be somewhat 
smaller than the width of the circuit board receiver, so that 
an incoming circuit board receiver will deform the inclined 

10 lead-in member to correspond with its greatest width. If the 
inclined lead-in member is of a non-elastic type, the said 
distance between the inclined lead-in member and the side 
stop must equal the width of the circuit board receiver, on 
the one hand in order to achieve as much play as possible, 

15 and on the other hand in order to avoid a trapping of the 
same. 

Relative to the supply movement, the uptake location can 
be preceded by a guide channel for a rough alignment of the 
circuit board receivers. This guide channel will be of a 

20 width that is slightly greater than the width of the circuit 
board receivers, so that these, such as for example workpiece 
carriers with a square or rectangular base outline, being 
wor]q>iece carriers that do not incorporate a circular base 
outline, can be roughly aligned by the channel walls, so that 

25 the predetermined directional position can be taken up at the 
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uptake location with only very little further alignment 
positioning. 

The invention further concerns a process for the 
positioning of circuit boards within a circuit board assembly 

5 system that includes at least one moveable circuit board 

receiver equipped with a circuit board that is transported to 
one uptake location, where the circuit board position is 
detected in preparation for the assembly process, whereby the 
circuit board receiver is caused to face in a predetermined 

10 directional position at the uptake location and whereby the 
position of the circuit board is detected in the 
predetermined directional position. 

When the term " predetermined directional position " is 
sometimes used rather than the term "alignment" this is to 

15 make it clear that the predetermined directional position 

operation occurs prior to the assembly process which requires 
an absolutely accurate knowledge of the circuit board 
position and which therefore also requires a one hundred 
percent accurate circuit board positioning knowledge that can 

20 only be deduced from the recognition of the alignment marks 
of the circuit board at the uptake location. 

Drawings 

The invention will now be described further with 
reference to the drawings, in which: 



wo 03/065782 PCT/IB03/00652 

-9- 

Figure 1 shows a schematic view of a circuit board assembly 
system with an aligpnment devices- 
Figure 2 shows a perspective view of the alignment device 
shown in Figure 1; and 

5 Figures 3a - 3c show several conditions in which a circuit 
board carrier is supplied to an uptake location where it is 
aligned in a predetermined directional position according to 
the embodiments^ of Figures 1 and 2 . 



10 Description of the Enibodiments 

Figure 1 shows a circuit board assembly system 1 with a 
moveable circuit board receiver 2, which has taken up a 
circuit board 3 in a reproducible position and which is being 
fed in the direction of the arrow 4 in the y direction 

15 towards an uptake location 5. The circuit board assembly 
system 1 includes an uptake mechanism 6 and an alignment 
device 7, which causes the supplied circuit board receiver 2 
to assume a predetermined directional position at the uptake 
location 5- The alignment device 7, includes a side stop 8 

20 and a guide element 9, whereby the distance between these 
said coirrponents is parallel and whereby a guide channel 10 
for a rough alignment of the circuit board receiver 2 is 
formed. The alignment device 7 further includes a fixed, 
projecting inclined lead-in member 11 which is positioned - 

25 seen in the direction of the longitudinal orientation of the 
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guide channel 10 (y direction) - in the central area of the 
guide channel 10 in such a way that the inclined lead-in 
meniber 11 is connected to the fixed guide element 9 and that 
it is further positioned transversely of the y direction. The 

5 numeral 18 (chain-dashed lines) represents in Figure 1 a 
circuit board receiver and transport system which can for 
example be realised in the form of an endless conveyor belt, 
and on which circuit board receivers 2, equipped with circuit 
boards 3, are positioned and transported in the y direction 

10 towards the uptake location 5- 

The uptake mechanism 6 includes a search window 12 which 
- seen in a longitudinal direction of the guide channel 10 - 
is positioned at approximately the same height as the 
inclined lead-in member 11. The circuit board 3 is preferably 

15 affixed with a plurality, and with at least two, alignment 
marks 13 that are spaced apart from one another and a 
suitable number and arrangement of search windows 12 is 
envisaged in order to detect rotational position errors about 
the vertical axis of the circuit board 3, i.e. the circuit 

20 board receiver 2. This is illustrated in Figure 1 with the 
aid of a dashed line. Each search window 12 includes an 
optically activated search section 14. The uptake mechanism 6 
includes a central unit 15 that is operatively connected via 
a cable 16 with a search window 12, so that the data that is 

25 detected by a search window 12 concerning the position of the 
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alignment mark 13, for the determination of the circuit board 
position can be transmitted to a central unit 15- The 
inclined lead-in member 11 has a width H which is slightly 
greater than the width B of the guide channel 10 minus the 
5 width b of the circuit board receiver 2, whereby the width B 
of the guide channel 10 is greater than the width b of the 
circuit board receiver 2, and whereby the inclined lead-in 
member 11 that runs transverse of the y direction is formed 
in an elastic and flexible way. This will be further 
10 described below. 

Figure 2 shows a perspective illustration of the 
alignment device 7. The side stop 8 and the guide element 9 
are each connected with the aid of screws 19 to a wall 16, 17 
of a circuit board receiver and transport system 18 that 
15 takes the form of an endless conveyor belt. The inclined 

lead-in member 11, which takes the form of a leaf spring 20, 
is fixedly connected to the guide element 9 . The leaf spring 
20 is of a rectangular form whose longer side is 
siibstantially longer than its shorter side. It is threadedly 
20 connected at both ends by screws 21, 22 to respective 

individual long holes 23, 24 of the guide element 9 in such a 
way that it extends in a curved manner and therefore forms 
the inclined lead-in member 11 that projects into the guide 
channel 10. At the same level the leaf spring 20 is - seen in 
25 the longitudinal direction of the guide channel 10 - 
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positioned between the two walls 16,17 of the circuit board 
receiver and transport system 18 together with a distancing 
holder 25 that does not in any way inhibit the transport and 
which ensures a fixed and even parallel distsuice between the 

5 side stop 8 and the guide element 9 in the area of the uptake 
location 5, A stop device 26 is further positioned - seen in 
the y direction - downstream from the inclined lead-in member 
11, and this can be automatically inserted into and 
automatically removed from the transport path of the circuit 

10 board receivers 2 . The stop device 26 serves to stop the 

relevant y movement (supply movement) of the relevant circuit 
board receiver 2, i.e. the circuit board receiver 2 will 
connect with its front wall 33 against the stop device 26 
that is positioned in its stop position, whereby the circuit 

15 board receiver 2 comes to rest within the area of the uptake 
location 5. The circuit board receiver and transport system 
18 that here takes the form of an endless conveyor belt can 
continue to run, i.e. it will slide underneath the stopped 
circuit board receiver 2 . 

20 Hereafter, the above device and the processes that can 

be carried out with the same for the positioning of circuit 
boards 3, i.e. for the detection of alignment marks on the 
circuit boards 3, will be described in more detail with 
reference to the Figures* 3a, b and c. According to Figure 3a 

25 a circuit board receiver 2 with a rectangular base outline is 



wo 03/065782 PCT/IB03/00652 

-13- 

transported together with the circuit board 3 in the 
direction of the arrow 4 towards the uptake location 5. 
According to Figure 3b the circuit board receiver 2 has 
already been taken up in its front area by the guide channel 

5 10- In this guide channel 10 the circuit board receiver 2 has 
already been roughly aligned in comparison with the position 
in Figure 3a. The circuit board receiver 2 is transported 
further in the direction of the arrow 4, so that it comes 
into contact with the inclined lead-in member 11 at the 

10 longitudinal side 28 of the circuit board receiver 2 and so 
that the circuit board receiver 2 is therefore displaced 
against the side stop 8 with its other longitudinal side 34. 
This displacement occurs in a transverse direction in 
relation to the supply direction, i.e. in the x direction, 

15 and a corresponding attainment of a predetermined directional 
position takes place. The circuit board receiver 27 
positioned in this way is then transported further in the 
direction of the arrow 4 until it is placed in a stop 
position upon reaching the activated stop device 26, where it 

20 is then aligned in the supply direction (y direction) as well 
as in a transverse direction thereto (x direction) and is 
placed in a predetermined directional position. The 
directions x and y will preferably be positioned at right 
angles to one another. Due to this predetermined directional 

25 position the alignment mark 13 (and possibly several 

alignment marks) of the circuit board 3 can be detected 
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exactly and without any substantial search effort by the 
search window 12 of the uptake mechanism 6, so that the 
uptake mechanism 6 is able to carry out a rapid detection of 
the circuit board position. As the position of the circuit 

5 board receiver 2 that has been achieved with the aid of the 
alignment device 7 and the stop device 26 can also be 
achieved in the same way for the subsequent circuit board 
receivers of the circuit board asseitibly system 1, a high 
repetition accuracy and a rapid data uptake during the 

10 detection of the circuit board position are possible. 

In a modification, not shown, an actuator replaces the 
passive inclined lead-in member 11. The actuator can for 
example consist of a tappet mechanism. This will displace a 
circuit board receiver against the side stop 8 and in the x 
15 direction upon arrival of the receiver at the uptake location 
for alignment. The stop device 26 that is also present here 
will ensure that the circuit board receiver 2 is stopped in 
the y direction, so that a predetermined directional position 
is achieved overall at the uptake location. 
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Claims 

1. A circuit board assembly system comprising at least one 
moveable circuit board receiver arranged to accommodate a 

5 circuit board to be transported therein to an uptake 

location, an uptake mechanism for detecting the circuit board 
position in readiness for the assembly of the circuit board, 
characterised in that the circuit board receiver is 
positioned in an alignment device in a predetermined 

10 directional position at the uptake location. 

2. A circuit board assembly system according to Claim 1, 
characterised in that the alignment device includes at least 
one fixed side stop that is operated simultaneously with the 

15 circuit board receiver during or after the supply movement. 

3 . A circuit board assembly system according to any 
preceding claim, characterised in that the alignment device 
includes at least one positioning element arranged to bias 

20 the circuit board against the side stop. 

4 . A circuit board assembly system according to any 
preceding claim, characterised in that the movement of the 
circuit board receiver that is initiated by the positioning 
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element results in a supply movement of the circuit board 
receiver towards the uptake location. 



5. A circuit board assembly system according to any 
5 preceding claim, characterised in that the positioning 

element is positioned in a fixed way and that it includes at 
least one inclined lead-in member that runs in a direction 
transverse of the direction of supply movement. 



10 6. A circuit board assembly system according to any 
preceding claim, characterised in that the positioning 
element is formed from at least one actuator that is arranged 
to bear upon the circuit board receiver in a direction 
transverse to the direction of supply movement. 

15 

7 . A circuit board assembly system according to any 
preceding claim characterised in that it includes at least 
one stop device that limits the supply movement of the 
circuit board receiver. 



8. A circuit board assembly system according to any 
preceding claim, characterised in that the inclined lead-in 
member is elastically flexible. 
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9. A circuit board assembly system according to any 
preceding claim, characterised in that the inclined lead-in 
member- comprises a spring. 

S 10. A circuit board assembly system according to claim 9, 
characterised in that the spring comprises a leaf spring. 

11. A circuit board .assembly system according to any 
preceding claim, characterised in that the distance between 

10 the inclined lead-in member and the side stop is the same or 
smaller than the width of the circuit board receiver. 

12 . A circuit board assembly system according to any 
preceding claim, characterised in that, relative to the 

15 supply movement, the uptake location is preceded by a guide 
channel for the rough alignment of the circuit board 
receiver . 

13. A process for the positioning of circuit boards in a 
20 circuit board assembly system according to any preceding 

claim, where at least one moveable circuit board receiver 
that has been equipped with a circuit board is transported 
towards an uptake location, where the circuit board position 
is detected in preparation for the assembly process. 
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characterised in that the circuit board receiver is caused to 
assume a predetermined directional position at the uptake 
location and in that the position of the circuit board is 
detected in that same predetermined directional position. 

5 

14. A process according to Claim 13, characterised in that 
the energy for the predetermined directional positioning 
process is derived from the energy of the supply movement. 



10 
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